Carbon foams are hypothetical carbon allotropes that contain graphite-like (sp 2 carbon) segments, connected by sp 3 carbon atoms, resulting in porous structures. In this work the DFTB (Density Functional based Tight-Binding) method with periodic boundary conditions (PBC) was employed to study energetics, the stability and electronic properties of this unusual class of carbon systems. Concerning the most stable phases of carbon (graphite and diamond), foams show high structural stability at very low mass density. The electronic band structure and electronic DOS (density of states) of foams indicate a similar size dependence as carbon nanotubes. The calculated bulk moduli are in the range between that of graphite (5.5 GPa) and diamond (514 GPa). These structures may represent novel stable carbon modifications with sp 2 +sp 3 hybridization.
Introduction
Carbon science has been revolutionized by the discovery and synthesis of fullerenes [25] and nanotubes. [18] This revealed that solid carbon, formally believed to exist only as graphite and diamond, was capable to form novel structures. Carbon atoms can form various types of chemical bonds due to hybridization of s and p orbitals. Four valence electrons in carbon atoms can form the sp 1 , sp 2 and sp 3 bond configurations. Thus, carbon has the ability to form various allotropes, i.e. linear, planar and three-dimensional structures. Therefore, carbon nanostructures can be classified into seven groups: sp 1 3 . At ambient conditions of pressure and temperature, the most stable crystalline carbon allotrope is hexagonal graphite (sp 2 ). Diamond (sp 3 ), the second stable allotrope of carbon, is at the same conditions nearly as stable as graphite.
Graphite is well known as a moderator in nuclear reactors. Under irradiation the defined layered structure of graphite changes significantly and many defects are created. Often occurring defects, vacancies or interstitials can merge into extended defects called dislocation loops or lines. Aggregation of interstitials cause the interlayer distance expansion due to the formation of new layers. Vacancy lines, on the other hand, produce the basal contraction.
Recently, considerable advances have been made in the synthesis and theoretical predictions of various carbon nanostructures (for reviews see e.g. [12, 1, 3, 14, 15, 20, 41, 13, 19, 37] ). These nanosystems are often referred to as new carbon allotropes, in addition to the classical allotropes: diamond, graphite and carbyne (sp 1 ). Among the carbon structures graphenes, [35] onions, [17, 24] diamondoids, [10, 32] peapods, [42] scrolls, [28] etc. have been synthesized or isolated, and many others were proposed on the basis of theory. [48, 29, 30, 31, 32, 16] In addition to pure sp 2 or sp 3 crystals, several experimental and theoretical works focus on the properties of new possible carbon forms, namely those with co-existing sp 2 and sp 3 hybridization. [21, 2, 49, 22, 47, 23] For instance, the sp 2 + sp 3 group includes a number of nanoforms with various structures and properties, e.g. fullerene polymers, nanotube assemblies, diamond-like crystallites and their combinations. In addition, diamond-graphite hybrids, vacancies in graphite or carbon foams have been studied. These investigations include for example pressure-temperature phase transitions of graphite into a cubic diamond structure. [38] It was shown that some of the new carbon forms, such as a super-hard carbon phase of C 60 fullerenes with co-existing sp 2 and sp 3 hybridization, appears to have hardnesses higher than that of the (100) and (111) diamond faces. [4, 40, 46] A very interesting family of carbon nanostructures are so-called Carbon Nanofoams. Carbon nanofoams can be thought of as graphite-based materials with significantly enlarged interlayer distance. In carbon nanofoams some of the sp 2 carbon atoms are transformed into sp 3 carbon atoms, which allows diamond-like fragments to co-exist with graphene fragments. Dislocations in graphite [45, 44] lead to other type of foam-based carbon nanostructures, where the graphene planarity is lost, but two types of systems can be found: those with pure sp 2 hybridization or those with co-existing sp 2 + sp 3 hybridization of atoms. Single-walled carbon foams might be formed by hierarchical self-assembly processes from layered graphite [43] or by a cold compression of carbon nanotubes. [52] The experiment of Wang et al., [52] where a sample of carbon nanotubes has been coldly compressed in a diamond anvil cell, shows the transformation into whatis believed to be a novel carbon allotrope. It was discussed on the basis of theoretical calculations [6] that the new form of carbon obtained by Wang et al. [52] can be described as a carbon foam structure. The results indicate that kinetically stabilized products, such as low-density carbon foam materials, may have possibly been formed in this experiment. It was also shown that the new crystalline material is a hard carbon phase with a high (calculated) bulk modulus. [6] In 1987, Vanvechten et al [50] . showed that dense packing of C 11 clusters consisting of three five-fold rings in a condensed phase can result in a foam-like system. The structure of carbon foams was, however, proposed only later by Karfunkel et al [21] . and Balaban et al. [2] Recently, experimental [23, 22, 52] and theoretical [49, 36, 6] investigations have shown that carbon-foam-like materials can be formed by rather simple syntheses. For example, the mesophase pitch precursor is molten at high temperatures resulting in so-called graphitic foams. Although these systems are no single-wall carbon foams, as they are discussed in this work, it is possible to achieve similar structures experimentally.
Recently, Braga et al. [5] have shown, using molecular dynamics simulations, that after applying compression small diameter carbon nanotubes (CNTs) undergo polymerization.
The resulting structures belong to the sp 2 + sp 3 group and are similar to carbon foams. Nanotube-derived foams are also discussed by Ding et al. [11] The new carbon forms are designed theoretically based on the welding technique using cross-linkers. Such linkers create covalently bound nanotube array with high porosity and well-separated CNTs. Cross-linkage of nanotubes was also successfully performed in experiments. [27] Another interesting carbon allotrope of the sp 2 + sp 3 group is the so-called glitter. [7] It can be thought of 1,4-cyclohexadienoid motifs connected into a 3D structure, forming a 3D network of channels, in contrast to carbon nanofoams, which can be either 1D or 2D porous structures. Glitter is a hypothetical carbon allotrope but can be viewed as a plausible model of n-diamond. This system is predicted to be as hard as diamond. The cross section of glitter reminds one of the possible carbon foam structures, therefore it is discussed in this work as well.
In this chapter, single-walled carbon foams [26] [see 
General Considerations and Computational Methods
The binding energies of the carbon foams can be considered as follows: The elementary cell consists of n x carbon atoms at the boundaries (junctions) and n i atoms inside the graphene fragments (stripes). Thus, the energy of a carbon foam can be written as
where ǫ ∞ is the binding energy of the infinite graphene layer, whereas ǫ x describes the binding energy of the boundary atoms in the unitcell. Since the total number of atoms n = n i + n x , the energy can be expressed as follows:
Defining ∆ǫ = ǫ x − ǫ ∞ , the energy per atom becomes:
where the number of boundary atoms n x per unit cell is hold constant at n x = 8. The detailed and quantitative studies of the stability, electronic and mechanical properties of different carbon foams were performed using the Density Functional based TightBinding [39] (DFTB) method. Periodic boundary conditions were used to calculate the infinite crystalline solid state. The conjugate-gradient scheme was chosen for the geometry optimization. The number of k-points was determined by reaching convergence for the total energy as a function of k-points according to the scheme proposed by Monkhorst and Pack. [34] Band structures were computed along lines between high symmetry points of the Brillouin zone. The first Brillouin zones with the highly symmetric points for hexagonal and orthorhombic unit cells [ Fig. 3a and Fig. 3b ] are shown in Fig. 3c and Fig. 3d . The mechanical properties were studied in detail by estimation of the bulk and shear moduli. The elastic constants (stiffness) c ij were calculated using the finite-difference scheme (the derivatives of the total energy with strain ǫ i,j ) as
The matrix of constants was further used to obtain the bulk modulus
for orthorhombic lattices or B = ∆c 33 + 2c 13 ∆ + 2 (6) for hexagonal unit cells, where
The shear modulus G can be calculated according to:
Structure
As described above, the Carbon foams are three-dimensional porous structures that contain both sp 2 and sp 3 hybridized atoms [see Fig. 1 ]. They can be thought of as constructed from graphene planes interconnected rigidly with one another at 120
• , forming a linear chain of sp 3 bonded atoms along the junction [see Figures 4] . At these junctions, always three graphene layers meet [c.f Figures 4 (c) and (f)] resulting in the honey-comb-shaped crosssection (CS) of the foam. If the graphitic segments are connected to each other at different angles than 120
• , the systems with non-hexagonal CS are obtained. The present discussion was restricted to foams that preserve six-fold rings and hexagonal cross-sections. [26] Carbon foams discussed here can also be considered as AA-stacked graphite structures with a significantly increased interlayer distance. Thus, N describes the length of graphene fragments linked together by M graphene stripes. In other words, the N-stripes are functionalized by M-fragments. In this way, M determines the interlayer spacing as d = √ 3M. The ABAB-stacked forms are possible as well, as e.g. in the case of defected graphite [Sect. 6]. The sp 2 carbon atoms, which are transformed into sp 3 atoms, make rigid interconnections between the graphene layers.
In Fig. 4a and For a given pore size, the elementary unit cells of zig-zag and armchair carbon foams differ in the number of atoms (n). As an example, the (2,2) carbon foam consists of 44 and 20 carbon atoms for the zig-zag and the armchair foam, respectively. All structures can be represented in orthorhombic 3D carbon networks. Moreover, the zig-zag foams, with N = M, can be described within hexagonal lattices as well.
The interlayer distances d [ Fig. 4 ] vary in the range of 4.7Å [(1,1) zig-zag foam] and 32.3Å [(9,9) armchair foam]. The orthorhombic unit cell length in a direction can be as short as 2.46Å and 4.27Å for armchair and zig-zag carbon foams, respectively. The pore size is determined by the unit cell parameters b and c [see Fig. 3 for definition]. Keeping a at its minimum and reducing the width in the b and c directions to zero (N,M = 0), the structure reduces to a network of fourfold coordinated carbon atoms, namely that of cubic diamond (from armchair carbon foams) or hexagonal diamond (isodiamond; from zig-zag carbon foams). [2, 51] On the other hand, increasing the system in a and b directions gives, in the a, b −→ ∞ limit, the structure of an isolated graphene layer.
The structures of zig-zag and armchair foams also differ in the types of connections (bonds): three types of covalent bonds, sp 2 −sp 2 , sp 2 −sp 3 , and sp 3 −sp 3 , can be found in the zig-zag arrangement [cf. Furthermore, the results indicate that the optimized unit cell sizes of carbon foams correspond to mass densities smaller than that of graphite (ρ = 2.27 g cm −3 ) and diamond (ρ = 3.55 g cm −3 ) [cf. Fig. 5 ]. The only exception was found for the (1,1) zig-zag foam with a mass density of ρ = 2.42 g cm −3 . The smallest armchair foams (N,1) with an initial distance between the graphitic segments smaller than the van der Waals interlayer distance of graphite become very interesting systems after a full geometry optimization [ Fig. 6 ]. During the optimization, the sp 3 hybridized atoms of these structures open one of the four bonds and bind strongly to three neighbors only. This results in a porous system, built of sp 2 carbon atoms (in the following these forms are called 'sp 2 carbon foams'). To obtain such structures a larger unit cell in a direction is required (at least three times the original lattice) to allow the breaking of sp 3 −sp 3 connections. Otherwise the optimization leads to a typical diamond system. As an example the (3,1) sp 2 armchair foam is shown in Fig. 6a . Its distance d = 3.24Å between the graphitic fragments as well as the bond lengths are similar to those of layered graphite, although the arrangement of the atoms isdifferent. The mass density (ρ = 2.47 g cm −3 ) of this foam is about the same as for the (1,1) zig-zag carbon foam. Analogous sp 2 foams were also discussed by Umemoto et al. [49] with similar conclusions.
Similar to the sp 2 foams, carbon foams can be constructed by screw twisting of graphite The mass densities versus V −1 (V -the atomic volume) of carbon foams compared to C 60 , graphite and diamond. [26] layers. They can be related to the structure of 'Screw Dislocated Graphite (SDG) [44] ' that is shown in Fig. 6b . This type of carbon foams will be called 'screw dislocated graphite' or SDC in the following. SDC has the same interlayer distance and bond lengths as layered graphite. However, there are covalent bonds present in c direction that connect the neighboring graphene fragments parallel to the ab planes. By construction, these bonds are formed by providing atoms within the graphene layers with additional neighbors in c direction, locally removing planarity without changing the hybridization of the carbon atoms. The systemshown in Fig. 6b -corresponds to the SDG (7,1) armchair carbon foam.
Both types of sp 2 foams have different kinds of nanopores, but both form two-dimensional interconnected channels between the pores: the sp 2 carbon foams have direct connections between pores along the b direction [ Fig. 6a bottom] , while SDG connections are rather twisted [ Fig. 6b bottom] . On the other hand, the sp 2 +sp 3 carbon foams have closed nanopores (one-dimensional channels), similar to nanotubes.
Energetics and Mechanical Stability
The energetic and mechanical stability of different carbon foams was studied following the discussion in Sect. 2. The binding energy (per atom) as a function of n (n is the number of atoms per unit cell) is shown in Fig. 7 . The energy of carbon foams asymptotically approaches the binding energy of a graphene layer. According to the proposed model consideration [Sect. 2] the cohesive energy should follow a linear trend with respect to n −1 . Figure 8 shows that the energy of the investigated carbon foams indeed increases nearly linearly with n −1 , as expected from Eq. 3. The deviations from the linearity [cf. Fig. 8 ] may be explained by the differences in the types of boundary atoms (n x ) for a given type of structures. In zig-zag systems there are 8 sp 3 junction atoms per elementary unit cell, while 4 sp 2 and 4 sp 3 carbon atoms (per unit cell) occurat the junctions in armchair structures [cf. Fig. 2 ]. The sp 2 carbon atoms in zig-zag foams form graphene stripes with a fully delocalized π-electron system. In armchair foams, the π-electron delocalization is distorted by the π bonds at the sp 2 atoms at the boundary of graphene-like stripes. This has obviously a stronger influence in smaller structures. For larger systems the bonding behavior of all boundary atoms becomes very similar, i.e. all structures have nearly the same n −1 size dependence. This is also confirmed by the observation, that the sp 2 −sp 2 bond lengths in armchair systems depend on the size: The single and double bond lengths become similar with increasing the system size [Tab. 2]. They slowly approach the values of bond lengths in graphite.
The calculations indicate that carbon foams are quite stable systems compared to the other well-known carbon allotropes. The origin of their favorable stability is the fact that the carbon foams discussed here do not contain bents, but only straight graphitic planes, in contrast to fullerenes and nanotubes that are purely sp 2 bonded but exhibit curved graphitic fragments. The largest studied carbon foams [(5,5) zig-zag (n = 116) and (7,7) armchair (n = 104)] are almost as stable as graphite and diamond. Their cohesive energies were found to be smaller by only ∼0.09 eV atom −1 than that of a graphene layer (E bind = 7.986 eV atom −1 ). The least stable (1,1) zig-zag carbon foam (n = 20) with an energy of 7.538 eV atom −1 is as stable as the (5,5) armchair carbon nanotube (E bind = 7.539 eV atom −1 ) and similarly stable to the (10,0) zig-zag carbon nanotube (E bind = 7.501 eV atom −1 ). Furthermore, it was found that except for the (1,1) zig-zag carbon foam, all structures are more stable than the isolated C 60 cage (E bind = 7.569 eV atom by at least ∼0.08 eV atom −1 . The sp 2 carbon foams are very stable, as well. As an example, the (3,1) foam is less stable by ∼0.16 eV atom −1 than the most stable carbon allotropes. The stability of SDG (7.924 eV atom −1 ) and graphite/diamond is about the same. These results suggest that carbon foams can be stable once they have been formed.
The mechanical properties were studied by estimation of the bulk (B) and shear (G) moduli according to Eq. 5 and Eq. 8. The results [Tab. 3 and Tab. 4] show that with increasing size of the pores (N and/or M) the bulk modulus decreases. The smallest B belongs to the (1,5) zig-zag foam (4.25 GPa). The shear moduli have a similar tendency and the smallest value was found for the (7,7) armchair system (0.1 GPa). The most stiff carbon foam is the (1,1) zig-zag with B = 285.13 GPa and G = 176.95 GPa, because this structure is closest to the diamond structure. On the other hand, it is interesting to note that for a given pore size the armchair carbon foams seem to be mechanically more stable than the zig-zag structures. Another tendency is that the bulk as well as the shear moduli become smaller going from systems with M = 1 to M = 5.
As expected for structures built from graphite and diamond segments containing both sp 2 and sp 3 hybridized atoms, the calculated bulk moduli of the carbon foams vary over a wide range: ∼5 up to ∼300 GPa, i.e. ranging between that of graphite (5.5 GPa) and nearly approaching that of diamond (442 GPa [33] ). Moreover, the (3,1) armchair and SDG carbon foams also possess rather large bulk moduli of 48.5 GPa and 20.2 GPa, respectively, compared to graphite.
The G values of carbon foams are, however, clearly smaller than those of diamond (621 GPa) and for larger structures they become close to that of graphite (3 GPa). Evidently carbon foams are mechanically rather stable concerning the bulk moduli. However, it is Figure 8 : The binding energy of carbon foams as a function of n −1 .The corresponding energy of a single graphene layer is given as a reference (dashed line). [26] important to notice that larger foams [Tab. 3 and Tab. 4] could become unstable against shear forces, because of their smallshear moduli. This behavior comes from the fact that carbon foams are highly anisotropic systems.
Furthermore, the properties of the investigated carbon foams with M = 2 and increasing N were studied to search for size dependent trends. The results are shown in Table 5 . Indeed, these carbon foams slowly approach the properties of layered graphite. The bulk modulus reaches the maximum value at the (3,2) structure and decreases continuously with increasing sizes. As the foam with increasing size starts to mimic the structure of layered graphite, its binding energy increases as well. However, the mass densities are much smaller, because the distance between graphitic segments is over two times larger than in layered graphite.
Electronic Properties
In this chapter the densities of states (DOS) and band structures of the investigated carbon foams are discussed. It is interesting to point out, that the calculated band gaps of zig-zag foams indicate a similar size dependence as for zig-zag carbon nanotubes. They are metallic, if the distance between two junctions is a multiple of three hexagonal units:
and/or
with m = 1, 2, 3, . . .; otherwise the foams are semiconducting with a gap size in similar range as for semiconducting carbon nanotubes (0.6−1.0 eV). Similar to armchair carbon Table 5 : Calculated mass densities (ρ), bulk moduli (B), band gaps (∆) and binding energies per atom (E bind ) of zig-zag carbon foams with M = 2. nanotubes, the armchair carbon foams are all metallic independent of their size. Figure 9 shows the band structures and densities of states for the symmetric zig-zag carbon foams calculated in hexagonal lattices. These results are compared with the band structure and DOS of AA-stacked hexagonal graphite. Although the dispersion along the lowest conduction band as well as the highest valence band is very small, the systems were recognized as indirect-gap semiconductors. A distinct dispersion appears along the K−H lines [ Fig. 9b and Fig. 9c ]. The electronic structure reveals that mostly the atoms in the direct vicinity of the sp 3 carbon chains contribute to the bands near the Fermi level. The (3,3) zig-zag carbon foam is metallic with bands crossing the Fermi level at the K point of the Brillouin zone.
Some examples of band structures and DOS of the orthorhombic (N = M) zig-zag carbon foams are shown in Fig. 10a and Fig. 10b . These foams are metallic as it was stated in Eq. 9 and Eq. 10. There is a visible large band dispersion along the k a − k b plane [see Fig. 3 for definition of k a and k b ], similar to that of a graphene monolayer.
Band structures and DOS of some armchair carbon foams are shown in Fig. 10c and Fig. 10d . This group of metallic structures has bands crossing the Fermi level along the X−S and Y−Γ lines. Large dispersions of valence and conduction bands are visible as well.
PDOS of the junction atoms (sp 3 ) is highlighted in Fig. 9 and Fig. 10 for the metallic systems. It can be seen that the line of junction atoms has an insulating character and the metallic properties of the carbon foams are restricted to the graphene-like stripes with sp 2 hybridized carbon atoms. Thus, for larger semiconducting carbon foams the band gap will decrease with increasing size [cf. Table 5 ].
The family of sp 2 armchair foams is also metallic. The densities of states of the (3,1) structure and the SDG are shown in Fig. 11 . The band structures are very complicated and therefore not shown here. The DOS of both systems are similar to that of layered graphite. 
Defected Graphite
In this chapter, two of the recently reported [44] dislocations are investigated: the zig-zag and the armchair prismatic edge dislocations. Under strong irradiation the original layered structure of graphite (d = 3.35Å) is lost. Two types of highly defected graphite structures are shown in Fig. 12 . Both are formed from ABAB-stacked graphite.
In the zig-zag prismatic edge dislocated system the neighboring layers are interconnected locally by sp 3 carbon atoms [ Fig. 12a ]. This structure is similar to the carbon foams discussed above. Unlike in the carbon foams, the sp 3 carbons connect only two graphitic stripes with sp 2 −sp 3 C bonds of 1.491Å. The occurrence of sp 3 hybridized atoms causes a reorientation of the single layers leading to the formation of connected double layers (containing loops or cavities). The cavities have a width of 6.7Å. Each double layer is repeated with about 10Å distance, thus the minimum distance between two graphitic fragments is as large as in layered graphite (3.3Å).
On the other hand, the armchair prismatic edge dislocations are characterized by formation of wrinkled not bonded graphene layers [ Fig. 12b ]. In this case, well-defined cavities and a d-expansion appear due to the bends of the graphene layers. No direct connections between the neighboring layers exist and thus, the system is built only from sp 2 hybridized carbon [26] atoms. This structure can be considered as an intercalated graphite. Here the intercalant is simply a curled graphene layer. The bond lengths are typical for graphite. The maximal separation between the flat and the curled layers is about 6.8Å, whereas the minimum is around 3.2Å. The bent layers can be considered as spacers in the AA-stacked graphite with an interlayer distance of 10.0Å.
As both structures have pores with diameters larger than the van der Waals distance in graphite, the mass densities decrease from ρ = 2.27 g cm −3 (graphite) to ρ = 1.62 g cm
for both dislocated graphite modifications. They are very stable having binding energies of 7.88 eV atom −1 and 7.94 eV atom −1 for zig-zag and armchair dislocations, respectively.
Glitter
Glitter was first proposed in 1994 by Bucknum and Hoffmann [7] as a potential allotrope of carbon. The original intent was to combine the archetypal trigonal planar, 3-connected bonding of carbon in graphite with archetypal tetrahedral, 4-connected bonding of carbon in diamond. Such a material is known as a 3-, 4-connected carbon network and belongs to the sp 2 +sp 3 group. Glitter is a hypothetical structure constructed from a structural basis constituted by a 1,4-cyclohexadienoid motif. The extended structure of glitter together with its unit pattern is shown in Fig. 13 . This system resemble the carbon nanofoam structure but with 3D interconnected channels. In some sense, glitter represents intermediate carbon form between graphite and diamond, similar to small size carbon foams. In Table 6 the results from DFTB calculations are presented. The results agree very well with the previously published DFT calculations of glitter. [7, 9, 8] Mass density of this tetragonal structure is 3.00 g cm −3 , intermediate between that of graphite (2.27 g cm −3 ) and diamond (3.55 g cm −3 ). The C-C bonds correspond to the single (1.534Å) and double (1.348Å) carbon bond lengths. The bulk modulus calculated at the DFTB level here is compared to the number obtained from Cohen's semiempirical formula. [7] This number suggest that glitter is almost as stable as diamond (experimental 442 GPa [33] ). Glitter, with its binding energy of7.52 eV atom −1 , is by 0.47 eV atom −1 less stable than graphite (7.99 eV atom −1 ). At the DFT calculations [7, 9, 8] the authors show that this difference is also around 0.5 eV atom −1 . The electronic properties of glitter (band structure and DOS) suggest metallic character of the system. The same result was obtained at the DFT LDA level. The band structure and DOS, with highlighted contributions of sp 3 and sp 2 carbon atoms, are shown in Fig. 14. It can be seen that the π* band dips down into the occupied bands of glitter at symmetry point M in the reciprocal space. 
Conclusions
In this work hypothetical carbon allotropes, called carbon nanofoams, have been discussed concerning the stability and the electronic properties. The construction shows that the chain of the sp 3 -hybridized atoms along the junction are connected covalently with layers of graphite stripes having either zig-zag or armchair types of edges.
The results of DFT based computations confirm high stability of carbon foams as compared to the most stable carbon allotropes (graphite and diamond). These systems may represent novel porous carbon modifications with sp 2 -sp 3 hybridization and high structural stability at low mass density. The foams have large bulk moduli, although they might become less resistant against shear forces, when the size of the pores is increased. The stiffness of carbon foams can be improved by intercalation with e.g. carbon nanotubes. The electronic properties of the investigated foams are very similar to those of carbon nanotubes. Zig-zag carbon foams are metallic only, if one of the walls has a size, which is a multiple of three hexagonal units. Otherwise, the zig-zag foams are semiconducting. Armchair foams have metallic character independent of their pore size. The investigations on carbon foams are still in progress but the results should encourage experimental investigations for the synthesis of such new carbon systems. High porosity, crystal-like structure and low mass density are very attractive features, in particular for guest-host interactions.
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